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© A method and apparatus for changing the path 
of an optical signal are disclosed. An optical bypass 
device having an optical input and output, and a 
waveguiding region optically connecting the input 
and output, is used to form a multiplicity of improved 
connectors and switches. In a first embodiment of 
the device, the waveguiding region comprises a plu- 
rality of reflective surfaces. In a second embodiment, 
the waveguiding region comprises a core of optically 
suitable material and a layer of cladding, where the 
relationship between the refractive index of the core 
and cladding is such that an optical signal may be 
guided by the core. The optical bypass device is 
integrated, with and without actuating means, into 
various connectors to provide loopback of an optical 
signal when a connector is de-mated. 
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FIELD OF THE INVENTION 

This invention relates generally to improved 
optical fiber connectors and optical path switches, 
and more particularly to more compact versions of 
optical path switches. 

BACKGROUND OF THE INVENTION 

Fiber-optic systems are varied in nature, with 
many supporting multiterminal distribution systems. 
One such multiterminal system architecture is 
known as a ring structure or network. The ring 
configuration is typically a closed path wherein 
terminals (nodes) are connected by a series of 
point-to-point fiber links. A characteristic of a ring 
network is that it requires continuity of the ring for 
operation. If a node fails, or is physically discon- 
nected from the ring, then the network is no longer 
operational. In such a case, the optical path must 
be rerouted to bypass this node. 

Prior art methods for changing an optical path 
include moving fiber switches and moving mirror 
switches. Moving fiber switches alter an optical 
path by physically repositioning a fiber by elec- 
trical, magnetic or mechanical means. Moving mir- 
ror switches typically utilize a single reflective sur- 
face to redirect a light beam. When the reflective 
surface is out of the optical path, the light beam 
proceeds along a first path. When inserted into the 
optical path, the reflective surface redirects the 
light to a second path, typically oriented at 90° to 
the first path. Both moving mirror and moving fiber 
switches are dedicated switches. These devices 
are not readily suitable for use in conjunction with 
connectors. Further, a moving mirror switch must 
be precisely positioned in free space to ensure that 
upon reflection, the optical beam is directed to the 
appropriate fiber with minimal insertion loss. 

Accordingly, there is a need for a means to 
accomplish a switching function which may be in- 
corporated directly into connectors to maintain net- 
work continuity when the connectors are discon- 
nected. 

SUMMARY OF THE INVENTION 

The foregoing problems are solved and an 
advance is achieved by the present invention. This 
invention is described below by illustrative embodi- 
ments of an optical bypass device which may be 
incorporated into a number of different types of 
connectors to provide network continuity as well as 
a switching function. In a first embodiment of the 
optical bypass device, a plurality of reflective sur- 
faces are configured to redirect the path of one or 
more input optical beams. 



In a second embodiment of the device, opti- 
cally suitable waveguiding material is used to re- 
direct the path of one or more input optical beams. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Further features of the invention will become 
more apparent from the following detailed descrip- 
tion of specific embodiments thereof when read in 
w conjunction with the accompanying drawings, in 
which like elements have like reference numerals 
and in which; 

FIG. 1 is an illustration of a ring network, show- 
ing both normal and bypassed optical flow; 
15 FIG. 2a is a perspective view of an embodiment 
of an optical bypass device according to the 
present invention; 

FIG. 2b is a side-view of the apparatus shown in 
FIG. 2a, showing first and second reflective sur- 
20 faces of the optical bypass device; 

FIG. 2c is a cross-sectional view of the appara- 
tus shown in FIGs. 2a and 2b, showing second 
and third reflective surfaces of the optical by- 
pass device; 

25 FIG. 2d is a side-view of the apparatus shown in 
FIGs. 2a-2c, showing first and third reflective 
surfaces of the optical bypass device; 
FIG. 3 is a perspective view illustrating a second 
embodiment of an optical bypass device which 

30 uses waveguiding material to alter the path of an 
incoming optical signal; 

FIG. 4a is a perspective view of an improved 
connector which may be used to connect a 
circuit pack to a circuit pack enclosure, and 

35 shows the cross state of the connector; 

FIG. 4b is a plan-view of the apparatus shown in 
FIG. 4a showing the female member of the 
connector with the male member removed and 
illustrating the bar state of the connector due to 

40 the presence of an optical bypass device in the 
signal path; 

FIG. 5 is a side-view of the apparatus shown in 
FIG. 4b, with the optical bypass device shown in 
the signal path; 
45 FIG. 6 shows demated members of an improved 
retracting optical fiber connector according to 
the present invention; 

FIG. 7 shows the apparatus of FIG. 6 in mated 
relation; 

so FIG. 8a is a plan-view illustrating an improved 
FDDI compatible bypass connector according to 
the present invention, and showing the cross 
state of the connector; 

FIG. 8b is a plan-view of the apparatus of FIG. 
55 8a, showing the bar state of the connector due 
to the presence of the bypass device in the 
signal path; 
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FIG. 8c is a side-view of the apparatus shown in 
FIG. 8b showing the optical bypass device in 
the inserted position; 

FIG. 9a is a perspective view of an embodiment 

of a dual bypass device according to the 5 

present invention; 

FIG. 9b is a side-view of the apparatus shown in 
FIG. 9a; 

FIG. 10 shows the connector of FIGS. 8a-c in 

conjunction with a bypass device actuator, w 
showing the optical bypass device in the re- 
tracted position; 

FIG. 11 shows two male optical connectors and 
a mating female piece with an optical bypass 
device which may be assembled to create an w 
improved connector coupler according to the 
present invention; 

FIG. 12 shows the elements of FIG. 11 assem- 
bled to create an improved connector coupler 
with a 2x2 optical bypass function with the op- 20 
tical bypass device shown in the retracted posi- 
tion; 

FIG. 13 is the apparatus of FIG. 12 with the 
optical bypass device in the inserted position; 
FIG. 14a is an illustration of a standalone 2x2 25 
optical bypass switch according to the present 
invention showing the switch in the cross state; 
FIG. 14b shows the apparatus of FIG. 14a with 
the optical bypass device in the inserted posi- 
tion placing the switch in a bar state; 30 
FIG. 15 is a side view of the apparatus of FIG. 
14b, showing the apparatus in conjunction with a 
bypass device actuator; 

FIGS. 16a and 16b provide an illustration of 
protection line switching; 35 
FIG. 17 is a perspective view of an optical 
bypass device according to the present inven- 
tion adapted to implement a selection switch or 
a protection line switch; 

FIG. 18a is a side-view of the apparatus of FIG. 40 
17, showing the first, second and fourth reflec- 
tive surfaces; 

FIG. 18b is a cross-sectional view of the optical 
bypass device illustrated in FIGs. 17 and 18a; 
FIG. 19 is a plan-view of a selector switch ac- 45 
cording to the present invention showing the 
signal path when the bypass device is in the 
inserted position; 

FIG. 20 is a side-view of the apparatus of FIG. 
19; and 50 
FIG. 21 is a side-view of the apparatus of FIG. 
19 in conjunction with a bypass device actuator 
with the bypass device shown in the retracted 
position. 



DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 is an illustration of a ring network 6, 
which comprises a multiplicity of nodes 1, 2, 3 and 
4, connected in serial fashion. The node numbered 
"4" represents the "nth" node, so that there can be 
any number of nodes attached to the ring. A con- 
necting means 5 serves as the interface between 
the ring and node. The connecting means 5 can 
route optical information in either of two ways. This 
is illustrated in FIG. 1 by showing one connection 
as block 5a and the other as block 5b with blocks 
5a and 5b connected to node blocks 3a and 3b, 
respectively. It should be understood that a single 
node 3 and single connecting means 5 are in fact 
employed. The normal optical information flow from 
the ring 6, across the connecting means 5, to the 
node 3, across the connecting means 5 and back 
to the ring, known as the cross-state of the connec- 
tor, is illustrated by connecting means block 5a. As 
previously mentioned, if a node fails or is discon- 
nected, the ring will fail unless continuity of the ring 
is maintained. Connecting means block 5b illus- 
trates how ring continuity is maintained according 
to the present invention. Upon failure or disconnec- 
tion of node 3, the node is bypassed by optical 
loopback, which will be referred to as the bar-state. 
Optical loopback is achieved by incorporating an 
optical bypass device, discussed below, into var- 
ious fiber optic connectors. 

FIGS. 2a - 2d illustrate a first embodiment of a 
bypass device 15 according to the present inven- 
tion. As noted above, the device 15 is suitable for 
providing the function illustrated in FIG. 1. The 
device 15 possesses a plurality of reflective sur- 
faces 11, 12 and 13 which are configured to direct 
an input optical beam or beams 10 from a first fiber 
or waveguide, not shown, to a second fiber or 
waveguide. 

As shown in perspective in FIG. 2a and by a 
side view in FIG. 2b, the optical beam 10 enters 
the bypass device 15 and, upon contact with re- 
flective surface 1 1 , is reflected upwardly to contact 
reflective surface 12. The beam is reflected off 
surface 12 and contacts reflective surface 13, as 
shown in FIGs. 2a and 2c. After contact with sur- 
face 13, the beam is reflected downwardly to re- 
flective surface 11, as shown in FIGs. 2a and 2d. 
Upon contact with reflective surface 11, the beam 
is directed out of the bypass device to a waveguide 
or optical fiber, not shown. The optical beam 10 
exits the bypass device traveling in a direction 
opposite to the direction the beam was traveling 
when it optically engaged the bypass device. 

A stem 89 allows the bypass device to be 
attached to an actuating system. The actuating 
system may be a simple mechanical arrangement 
wherein the bypass device is attached to a pivoting 
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member, or a more sophisticated electromechan- 
ical or electronic arrangement. Such systems will 
be discussed in more detail below in conjunction 
with the improved fiber optic connectors of the 
present invention. 

The optical bypass device 15 must possess an 
exterior structure which is adapted to cooperate 
with the structure of existing connectors. In particu- 
lar, fiber optic connectors typically have "vee- 
grooves" in which the optical fibers are placed. To 
readily engage the optical signal without substantial 
redesign of such existing connectors, it is desirable 
to design the bypass device to protrude into the 
vee-grooves. Regions 19 and 20 of the bypass 
device 15 are shaped to be received by the vee- 
grooves of such connectors. Further, the regions 
19 and 20 facilitate proper alignment of the bypass 
device 15. 

While the first embodiment of the invention is 
described as a particular arrangement of reflective 
surfaces, it should be understood that a multiplicity 
of arrangements exist whereby a plurality of reflec- 
tive surfaces may be configured to alter the path of 
an optical signal as described. Such arrangements 
are within the contemplated scope of this invention; 
it being recognized that other suitable arrange- 
ments may readily occur to those skilled in the art 
in view of the teachings of the present invention. It 
should also be understood that the term 
"waveguide" may be used interchangeably with 
fiber or fiber path within this specification. 

The above described bypass device 15 may 
be formed as follows. A material transparent to the 
desired wavelength, i.e., that of the optical signal, is 
shaped by methods known to those skilled in the 
art, including, but not limited to, molding and 
micromachining methods. Suitable materials for for- 
ming the device include, but are not limited to, 
glass, plastic and silicon. The exterior appearance 
of the device may be as shown in FIG. 2a. The 
stem 89 may be formed as an integral part of the 
bypass device, or it may be separately formed and 
attached. Other exterior configurations of the by- 
pass device which may occur to those skilled in 
the art are likewise acceptable; it being recognized 
that the principles of the present invention could be 
readily employed with different devices designed in 
the future. However, such configurations should 
preferably facilitate integration with an actuating 
device and existing fiber optic connectors as pre- 
viously discussed. 

The reflective surfaces 11,12 and 13 may be 
formed by applying a material that creates a suit- 
able reflective interface at the appropriate locations 
in the structure. The material may be the same as 
that forming the bulk of the device 15, i.e., glass, 
plastic or silicon. In such a case, the index of 
refraction of the applied material should be tailored 



so that the interface acts as a mirror. Selection of 
an appropriate index of refraction and methods for 
tailoring to achieve such an index of refraction are 
well known to those skilled in the art. Alternatively, 

5 a metallic coating, such as gold, may be applied to 
form a reflective interface. The applied material is 
chosen so that the optical beam is reflected with 
minimal energy loss. The material may be applied 
to the surface by methods known to those skilled in 

w the art, including, but not limited to, vapor deposi- 
tion, or brushing or dipping, as appropriate. 

A second embodiment of an optical bypass 
device according to the present invention is illus- 
trated in FIG. 3. A core 16 of waveguiding material, 

15 rather than reflective surfaces, is used to redirect 
an optical beam or beams. Any optically suitable 
waveguiding material may be used. Examples in- 
clude, but are not limited to, silicon or glass. The 
shape and external structure of the bypass device 

20 utilizing waveguiding material need not be the 
same as the embodiment of the device using re- 
flective surfaces. However, since the device has 
been designed to fit in the grooves of various fiber 
optic connectors to ensure proper alignment, there 

25 is an advantage to maintaining this shape. 

To form such a device, a core 16 of optically 
suitable material having a given refractive index is 
cladded with at least one layer 17 of material 
having a different refractive index than the core 

30 material. For clarity, only a small section of the 
cladding layer is shown. It should be understood 
that the cladding layer completely covers the core 
16. Optically suitable materials for the core include, 
but are not limited to, silicon or glass. Cladding 

35 may be applied by standard deposition methods or 
other methods known to those skilled in the art. 
The optically suitable material is arranged so that it 
will have an appropriate path length and be prop- 
erly positioned so that it will receive an optical 

40 beam from a waveguide associated with a connec- 
tor or switch. Finally, the bulk of the bypass device 
is formed from silicon or other suitable material 18 
and the device is shaped to be received by the 
grooves of an optical connector. Where the ma- 

45 terial 18 has a suitable refractive index, a separate 
cladding layer 17 may be omitted. Inotherwords, 
the material 18, which forms the bulk of the device, 
may function as the cladding layer 17. Where the 
material 18 forming the bulk of the bypass device 

so of the device does not have a waveguiding func- 
tion, it may be virtually any material which may be 
conveniently machined, etched or shaped. How- 
ever, to the extent that the optical beam to be 
redirected must pass though the bulk material to 

55 engage the waveguiding region, the material must 
be transparent to the optical beam at least at that 
location. In a third embodiment, the bypass device 
may possess a plurality of reflective surfaces as 
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well as a core of waveguiding material. 

The optical bypass, utilizing either reflective 
surfaces or a channel of waveguiding material, may 
be incorporated into different types of standard 
connectors resulting in improved connectors which 
provide a loopback or switching function. These 
embodiments of improved connectors and switches 
are discussed below. 

In a first switch/connector embodiment, the in- 
vention provides for optical loopback in the case of 
circuit pack removal from a circuit pack enclosure. 
Where the circuit packs are configured as a ring 
network, with each pack representing a node as in 
FIG. 1, circuit pack removal would render the net- 
work, i.e., all circuit packs, non-operational, in the 
absence of some means to provide loopback. 

FIG. 4a illustrates the cross state through an 
improved connector 40, comprising a female piece 
38 which may be attached to a backplane and 
male piece 37 which may be attached, for exam- 
ple, to the circuit pack being removed. Optical 
beam 30 propagating along fiber or waveguide 41 
located in vee-groove 49 encounters ball lenses 45, 
47 and then passes into the fiber or waveguide 42 
on its way to an optical device in the circuit pack, 
not shown. The ball lenses 45, 47 collimate and 
refocus the optical beam 30 minimizing signal loss 
across the connector. An optical signal 31 from the 
circuit pack, not shown, may likewise be propagat- 
ing along a fiber or waveguide 43. Signal 31 will 
pass through other ball lenses 48, 46 and into a 
fiber or waveguide 44. The connector 40 also com- 
prises an optical bypass device 15, not shown in 
FIG. 4a for purposes of clarity. While the circuit 
pack remains in the circuit pack enclosure, the 
cross state is maintained and the optical bypass 
device 15 does not engage the optical beam 30. 

FIGS. 4b and 5 show the female piece 38, with 
the male piece 37 disconnected and removed, re- 
presentative of circuit pack removal. The optical 
bypass device 15 is inserted into the path of signal 
30. The optical bypass device 15, in conjunction 
with the female piece 38, redirects the optical 
beam 30 to achieve the optical loopback function 
and avoid disabling the entire network connected to 
the connector 40. When in place, the device re- 
directs the optical beam from optical fiber 41 to an 
adjacent fiber 44 located in vee-groove 50. Ball 
lenses 45 and 46 ensure that the beam 30 is 
directed with minimum loss from the fiber 41 to the 
bypass device and on to the fiber 44. It should be 
understood that the direction of propagation of the 
optical beam described in the specification and 
shown in the Figures for the various embodiments 
of the present invention is for purposes of discus- 
sion only and is not intended to be limiting in any 
manner. An actuating device 52 may be used to 
position the bypass device. For example, as the 



male piece 37 is disconnected, the optical bypass 
device 15 may pivot into place if the connectors 
are suitably configured. This may be referred to as 
"passive" actuation, i.e, the presence of the bypass 

5 device in the optical path is not in response to an 
actuating signal. An "active" actuator, such as elec- 
tronic and electromechanical arrangements known 
to those skilled in the art could likewise be used. 
Alternatively, the optical bypass device 15 may be 

w manually positioned on the female piece 38. 

A second switch/connector embodiment, an im- 
proved retracting optical fiber connector, is shown 
in FIGS. 6 and 7. The improved connector incor- 
porates an optical bypass device 15 into the con- 

15 nector described in U.S. Pat. No. 5,080,461, which 
is incorporated herein by reference in its entirety. 
In FIG. 6, female 60 and male 61 connectors are 
shown in full de-mated configuration. The female 
connector contains a fiber pair. Without loss of 

20 generality, one of the fibers may be designated 
"In" and the other "Out". When the connectors are 
demated, the bypass device 15 directs the optical 
beam from the "In" fiber to the "Out" fiber, provid- 
ing a complete path. By being connected to the 

25 retractable housing 62 of the connector 60, which 
housing is forced back when the connector is 
mated, the bypass device 15 is moved completely 
out of the optical path, and does not interfere with 
the optical beams propagating through fibers or 

30 waveguides on the connector. FIG. 7 illustrates the 
mated configuration. 

The need for standardization within local area 
networks (LAN) has resulted in the Fiber Distrib- 
uted Data Interface (FDDI). FDDI topology utilizes a 

35 ring structure in which two contrarotating rings are 
used. Operation is routed to the secondary ring if a 
failure, such as a cable break, occurs in the pri- 
mary ring. Rerouting is controlled by the station 
management function. Network operation is not af- 

40 fected by station failure, since stations are provided 
with optical bypass switches such as the moving 
fiber or moving mirror switch. 

A third switch/connector embodiment of ap- 
plicants' invention is illustrated in FIGS. 8-10. This 

45 embodiment uses a bypass device 150 according 
to the present invention to create an improved 
FDDI compatible bypass connector. This connector 
is intended as a failsafe device. The failsafe func- 
tion provides optical continuity when the connector 

50 is physically demated, or when electrical power is 
removed from the node. FIG. 8a shows the cross 
state through a connector 80. An optical beam 32 
propagates along a waveguide 81, passes through 
ball lenses 71, 72 and into a waveguide 82. An 

55 optical beam 33 propagates in the opposite direc- 
tion along waveguides 83 and 84. An optical by- 
pass connector 150, not shown in FIG. 8a, remains 
out of the optical beams 32 and 33 during normal 
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network operation. 

FIGS. 8b and 8c show the improved bypass 
connector 80 in the bypass mode or bar state. In 
this mode, the optical bypass connector 150 is 
inserted into the path of the optical beams 32 and 
33. The optical beam 32 from the waveguide 81 is 
looped back to the waveguide 84. The optical 
beam 33 from the waveguide 83 is similarly looped 
back to the waveguide 82. In this embodiment, the 
bypass device provides loop-back for two signals. 
The bypass device 150 is thus the functional equiv- 
alent of abutting two bypass devices of the pre- 
vious embodiments, one oriented to receive the 
optical beam 33, the other to receive the optical 
beam 32. This configuration of the bypass device 

150 is shown in FIGs. 9a and 9b and will be 
referred to as a dual bypass device. 

FIG. 9a shows a perspective view of an em- 
bodiment of the dual bypass device 150 causing 
two optical signals 156, 158 to loop back. The 
signal 156 encounters a reflective surface 151 and 
is reflected upwardly to a reflective surface 152. 
Following contact with the surface 152, the signal 
156 is reflected laterally to a reflective surface 153 
and then downwardly to the reflective surface 151. 
The signal is reflected off of the reflective surface 

151 and out of the dual bypass device 150. Mean- 
while, a second signal 158 enters the dual bypass 
device 150 and contacts a reflective surface 154, 
which reflects the signal 158 upwardly to the reflec- 
tive surface 153. Upon contact with the reflective 
surface 153, the signal 158 is reflected laterally to 
the reflective surface 152, then downwardly to the 
reflective surface 154. The signal 158 is reflected 
off of the reflective surface 154 and out of the dual 
bypass device. FIG. 9b shows a side view of the 
dual bypass device. The dual bypass device 150 
may utilize a core of waveguiding material, rather 
than reflective surfaces, as discussed in conjunc- 
tion with the second embodiment of the optical 
bypass device 15. Further, one side of the dual 
bypass device may utilize reflective surfaces and 
the other side may utilize a core of waveguiding 
material. 

FIG. 10 shows an actuating device 87 being 
used in conjunction with the improved bypass con- 
nector 80. In the embodiment shown in FIG. 10, an 
electrically activated solenoid 88 is used to control 
the movement of the optical bypass device 150. A 
spring 86 is used to exert a pressure on a shaft 89 
connected to the optical bypass device 150. During 
normal operation of a network such as FDDI, a 
current would be placed through the coils of the 
solenoid which would exert force against the restor- 
ing spring and move the optical bypass device to 
the retracted position. In this state, the optical 
beams will travel unimpaired from each side of the 
connector (male to female). If a node fails, this 



condition will be sensed, current through the coils 
of the solenoid 88 will be interrupted, and the 
spring 86 will move the bypass device into the 
optical path placing each end of the connector, 

5 male and female, into a loopback state. It should 
be understood that a variety of suitable actuating 
devices will occur to those skilled in the art and 
such devices are within the contemplated scope of 
the present invention. 

w A fourth switch/connector embodiment is illus- 

trated in FIGS. 11 - 13. In this embodiment, an 
improved male to male optical connector according 
to the present invention is used in conjunction with 
the optical bypass device to provide loopback ca- 

15 pabilities. Large fiber-optic networks may contain 
devices to allow connections through mechanical 
bulkheads or other obstructions. Male to male con- 
nectors would typically be used in such an applica- 
tion. FIG. 11 shows two male connectors, 90, 91, 

20 and a female piece 92 with an optical bypass 
connector 150, which together form an assembly 
93 shown in FIGS. 12 and 13. FIG. 12 shows the 
bypass device 150 connected to an actuator. In 
FIG. 12, the bypass device 150 is out of the signal 

25 path. For the present example, it is assumed that 
two signals, 98 and 99, are propagating through the 
waveguides 94 and 97, respectively. A dual bypass 
device, such as device 150, is thus required. FIG. 
13 shows the bypass device inserted in the optical 

30 path of the waveguides 94 and 97, causing the 
signals 98 and 99 to loop-back. Either an active or 
passive actuator could be used to redirect the 
optical beam in the case of either the removal of 
one of the male connectors from assembly 93, or 

35 the breakage of a fiber that would cause the fiber- 
optic network to attempt to loopback around the 
affected fiber. 

A fifth switch/connector embodiment illustrates 
the use of bypass devices according to the present 

40 invention in a non-connector application. As shown 
in FIGS. 14a,b and 15, the bypass device 150 may 
be used to create a standalone 2x2 optical bypass 
switch 106. With the switch in the cross state, 
shown in FIG. 14a, optical signals 107 and 108 

45 propagate from waveguides 101 and 104, to 
waveguides 102 and 103, respectively. The optical 
bypass device, not shown in FIG. 14a, remains out 
of the path of the optical signals 107 and 108. 

In the bar state, shown in FIG. 14b, the bypass 

50 device 150 is inserted into the signal path, causing 
the signals to loopback, thus providing a switching 
function. This embodiment is shown utilizing active 
loopback, i.e., the position of the bypass device 
150 is controlled by an electrically activated sole- 

55 noid 88, as shown in FIG. 15. 

In fiber-optic systems, redundancy in the fiber 
path is often accomplished by having more than 
one fiber path between any two points. A selector, 
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referred to as a "protection line switch," is used to 
direct the optical beam to the appropriate fiber 
path. This is illustrated in FIGS. 16a and 16b, 
where, in FIG. 16a, the selected fiber path is path 
110. In FIG. 16b, the switch selects path 111. In a 
sixth switch/connector embodiment, illustrated in 
FIGS. 16a - 21, bypass devices according to the 
present invention can be used to redirect the op- 
tical beam in such a way that it does not cause a 
loopback, but instead causes this selection func- 
tion. A bypass device 130, shown in FIG. 17, when 
inserted to engage an optical beam 122, causes 
the beam to be displaced from its path to a fiber 
126 so as to enter an alternate fiber 128, as best 
shown in FIG. 19. It is understood that while two 
fiber paths are shown in the illustrative example, 
the inventive principle applies equally to systems 
with more than two paths. Where more than two 
paths are required, a plurality of optical bypass 
devices can be used in series. 

An exemplary arrangement for a 1 to 4 selector 
is described below. As a first bypass device en- 
gages an optical signal, it is displaced from its path 
to a first fiber so as to enter a second fiber. This 
accomplishes a 1 to 2 selection. If 1 to 3 selection 
is desired, a second bypass device engages the 
output of the first device so as to direct the optical 
signal to a third fiber. By inserting a third optical 
bypass device in the signal path of the output from 
the second device, the signal can be directed to a 
fourth fiber. In this manner, any number of fiber 
paths may be accessed. Thus, bypass devices 
according to the present invention can be used to 
create a 1 to N selector switch, useful to implement 
a protection line switch or other switching func- 
tions. 

FIGS. 17, 18a and 18b show a bypass device 
130 adapted to provide this function. A reflective 
surface 131 causes an incident beam 122 to be 
directed upwardly to a reflective surface 133. The 
reflective surface 133 deflects the beam 122 lat- 
erally to a surface 135, which further deflects the 
beam to a surface 137. The reflective surface 137 
is oriented to cause the exiting beam 123 to con- 
tinue in its original direction, i.e., to the left in FIGS. 
18a and 19, rather than causing loopback. Thus, as 
best seen in FIG. 19, waveguide 128 is selected 
over waveguide 126. 

FIG. 20 is an illustrative embodiment of a se- 
lection or protection line switch 129, which includes 
two connectors in mated relation in conjunction 
with the bypass device 130, shown in the inserted 
position. FIG. 21 shows the switch with the bypass 
device 130 in the retracted position. The bypass 
device actuator is shown in FIG. 21. As shown, the 
bypass device provides an extremely compact 
mechanism to accomplish protection line switching. 
While illustrated with an optical bypass device us- 



ing reflective surfaces, it should be understood that 
a bypass device utilizing waveguiding material can 
be configured as above. 

It should be understood that the embodiments 

5 and variations shown and described herein are 
illustrative of the principles of this invention and 
that various modifications may occur to, and be 
implemented by, those skilled in the art without 
departing from the scope and spirit of the inven- 

w tion. 

Claims 

1. A retracting optical fiber connector comprising: 

is first and second connector members, each 

comprising a first and second waveguide, each 
waveguide defining an optical path, where the 
connector members are configured so that the 
first and second waveguide of the first connec- 

20 tor member align and optically engage the first 

and second waveguide of the second connec- 
tor member, and where at least the first con- 
nector member further comprises a retractable 
housing having a first and second position, 

25 where in the first position when the connector 

members are not engaged, the retractable 
housing prevents access to the waveguides of 
that connector member, and in a second posi- 
tion the retractable housing, actuated by sur- 

30 face features of the other connector member, 

is positioned to allow mating engagement of 
the connector members; and 

a bypass device comprising an optical 
waveguiding region, where the waveguiding re- 

35 gion is configured to direct an optical commu- 

nication signal from the first waveguide of the 
first connector member to the second 
waveguide of the first connector member; 

where the bypass device is connected to 

40 the retractable housing and oriented so that 

where the retractable housing is in the first 
position, the bypass device is positioned to 
engage the optical paths defined by the 
waveguides of the connector member, and 

45 where the retractable housing is in the second 

position, the bypass device does not engage 
the optical path defined by any of the 
waveguides. 

50 2. A fiber optic connector comprising: 

a first and a second connector member, 
where the first connector member comprises a 
first and a second waveguide and said second 
connector comprises a first and a second 

55 waveguide, the connector members being con- 

figured to engage each other such that the first 
waveguide from the first connector member 
aligns with and optically engages the first 
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waveguide from the second connector mem- 
ber, and the second waveguide from the first 
connector member aligns with and optically 
engages the second waveguide from the sec- 
ond connector member; and 5 

a bypass device comprising an optical 
waveguiding region, where the waveguiding re- 
gion is configured to cause loopback wherein 
an optical communication signal from the first 
waveguide of the first connector member is w 
directed to the second waveguide of the first 
connector member; 

where the connector has two states, a bar 
state in which the bypass device is in a first 
position in which the waveguiding region of the w 
bypass device engages the optical commu- 
nication signal causing loopback, and a cross 
state where the bypass device is in a second 
position in which the waveguiding region of the 
bypass device does not engage the optical 20 
communication signal so that the optical beam 
passes from the first waveguide of the first 
connector member to the first waveguide of 
the second connector member. 

25 

An optical bypass connector comprising: 

female and male connector members, 
each comprising a first and a second 
waveguide; 

said connector members being configured 30 
to engage each other such that the first 
waveguide from the male connector member 
aligns with and optically engages the first 
waveguide of the female member defining a 
first optical signal path and the second 35 
waveguide from the female member aligns 
with and optically engages the second 
waveguide of the male member defining a 
second optical signal path; 

a bypass device configured to direct op- 40 
tical communication signals received from the 
first waveguide of the male connector member 
to the second waveguide of the male connec- 
tor member, and to direct the optical commu- 
nication signal received from the second 45 
waveguide of the female connector member to 
the first waveguide of the female connector 
member; 

an actuator coupled to the bypass device 
and configured to place the bypass device in a 50 
first and a second position, where in the first 
position the bypass device does not engage 
the optical signal paths defined by the mated 
connector members, and in the second posi- 
tion the bypass device engages the optical 55 
signal paths causing loopback of the optical 
communication signals. 



4. A optical bypass connector comprising: 

a first and a second male connector mem- 
ber, each male connector member comprising 
a first and a second waveguide; 

a female connector member configured to 
receive the first and the second male connec- 
tor members so that the waveguides of the first 
male connector member align with and opti- 
cally engage the waveguides of the second 
male connector member, defining two optical 
paths; 

a bypass device configured to direct one 
or more optical signals from the first 
waveguide of the first and second male con- 
nector members to the second waveguide of 
each of the first and second connector mem- 
bers, where the second waveguide receives 
the optical signal from the first waveguide lo- 
cated on the same male connector member; 
and 

an actuator coupled to the bypass device, 
the actuator having a first and a second posi- 
tion, where in the first position, the bypass 
device engages the optical paths, and in a 
second position, the bypass device does not 
engage the optical paths. 

5. A standalone switch comprising: 

a first and second pair of optical 
waveguides assembled on a common sub- 
strate, where the first pair aligns with and opti- 
cally engages the second pair defining two 
optical paths; 

a bypass device configured to cause op- 
tical loopback wherein one or more optical 
signals from one waveguide of each pair of 
optical waveguides is directed to the other 
waveguide of the pair; 

an actuator coupled to the bypass device 
and configured to place the bypass device in a 
first and a second position, where in the first 
position the bypass device engages the optical 
paths, causing optical loopback, and, in the 
second position, the bypass device does not 
engage the optical paths. 

6. A selector switch comprising: 

first and second connector members; 

the first connector member comprising a 
first waveguide, the second connector member 
comprising a first and second waveguide; 

the connector members being adapted to 
engage each other such that the first 
waveguide from the first connector member 
aligns with and optically engages the first 
waveguide of the second connector member 
defining a first optical path; 

a bypass device configured to direct an 
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optical signal from the first waveguide of the 
first connector to the second waveguide of the 
second connector, defining a second optical 
path; 

an actuator coupled to the bypass device 5 
to place the bypass device in a first and a 
second position, where in the first position, the 
bypass device engages the first optical path 
directing the optical signal from the first optical 
path to the second optical path, and, in the w 
second position, the bypass device does not 
engage the first optical path. 

7. A optical bypass device for utilization in con- 
junction with a node of an optical communica- w 
tion system to provide optical rerouting of an 
optical signal comprising: 

an optical input; 

an optical output; and 

an optical waveguiding region optically 20 
connecting the optical input and the optical 
output; 

where the optical waveguiding region com- 
prises two or more reflective surfaces or a core 
of optically suitable material and at least a first 25 
layer of cladding, where the relationship be- 
tween the refractive index of the core and the 
refractive index of the cladding is such that an 
optical signal may be guided by the core. 

30 

8. An optical bypass device for use in conjunction 
with at least two optical communication signals 
propagating along separate optical signal 
paths, comprising: 

a first surface having an optical input and 35 
an optical output; 

a second surface having an optical input 
and an optical output; 

a first optical waveguiding region optically 
connecting the optical input of the first surface 40 
and the optical output of the first surface; and 

a second optical waveguiding region opti- 
cally connecting the optical input of the second 
surface and the optical output of the second 
surface; 45 

where the first and second optical 
waveguiding regions comprise two or more 
reflective surfaces or a core of optically suit- 
able material and at least a first layer of clad- 
ding, where the relationship between the re- 50 
tractive index of the core and the refractive 
index of the cladding is such that an optical 
signal may be guided by the core. 

9. An optical bypass device for switching an op- 55 
tical signal from a first optical path to a second 
optical path, where the optical signal has the 
same direction of travel, relative to the optical 



bypass device, along the first and second op- 
tical path, and where the second optical path is 
laterally displaced relative to the first optical 
path, comprising: 

a first surface having an optical inlet for 
receiving the optical signal propagating along 
the first optical path; 

a second surface having an optical outlet 
for delivering the optical signal to the second 
optical path; and 

a waveguiding region optically connecting 
the optical input and the optical output, 

where the optical waveguiding region com- 
prises two or more reflective surfaces or a core 
of optically suitable material and at least a first 
layer of cladding, where the relationship be- 
tween the refractive index of the core and the 
refractive index of the cladding is such that an 
optical signal may be guided by the core. 

10. The connector of claim 1, 2, 3, 4, 5, 6, 8, 
where the optical waveguiding region of the 
bypass device comprises a plurality of reflec- 
tive surfaces. 

11. The connector of claim 1, 2, 3, 4, 5, 6, 8, 
where the optical waveguiding region of the 
bypass device comprises a core of optically 
suitable material and at least first layer of 
cladding, where the relationship between the 
refractive index of the core and the refractive 
index of the cladding is such that an optical 
signal may be guided by the core. 

12. The fiber optic connector of claim 1, 2, 3, or 4, 
7, 8, 9, further comprising vee-grooves, and/or 
wherein the bypass device or a portion thereof 
is configured to be received by the vee- 
grooves. 

13. The fiber optic connector of claim 2, further 
comprising an actuating device which coop- 
erates with the bypass device to place the 
connector in the bar state when the cross state 
cannot be maintained. 

14. The fiber optic connector of claim 13, where 
the actuating device responds to an actuating 
signal, or comprises a member which positions 
the bypass device to engage the optical com- 
munication signal when the connector mem- 
bers are separated, which member does not 
respond to an actuating signal. 

15. The optical bypass connector of claim 3, 
where in the presence of a signal, the actuator 
maintains the bypass device in the first posi- 
tion, and in the absence of the signal, the 
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bypass device is placed in the second posi- 
tion. 

16. The optical bypass connector of claim 3, 
where the actuator is an electrically activated 
solenoid wherein a spring is used to exert a 
pressure on a shaft connected to the bypass 
device. 

17. The selector switch of claim 6, further compris- 
ing a plurality of bypass devices for selectively 
directing an optical signal to any one of a 
multiplicity of waveguides. 

18. The optical bypass device of claim 7, where 
the optical waveguiding region is configured so 
that the rerouted optical signal leaving the op- 
tical output has a direction of travel opposite to 
that of the optical signal entering the optical 
input of the optical bypass device. 

19. The optical bypass device of claim 7, 8, or 9, 
wherein the optical bypass device further com- 
prises a stem for attachment to a positioning 
means, or further comprises means for posi- 
tioning the optical bypass device to engage an 
optical signal. 

20. A method for providing loopback of an optical 
signal propagating along a first optical path 
defined by optically communicating 
waveguides of a first and second connector 
member mated to form an optical connector, 
where each connector member has at least a 
first and a second waveguide, comprising: 

providing an arrangement for waveguiding; 
placing the arrangement in the first optical 
path; and 

utilizing the arrangement for waveguiding 
to divert the optical signal from the first optical 
path to a second optical path defined by the 
first and second waveguide of a connector 
member, the step of the placing the arrange- 
ment in the first optical path optionally com- 
prising providing an actuator. 

21. The method of claim 20, wherein the step of 
providing an arrangement for waveguiding fur- 
ther comprises configuring either a core of 
optically suitable material or at least two reflec- 
tive surfaces to receive the optical signal prop- 
agating along the first waveguide of a connec- 
tor member and to direct the optical signal to 
the second waveguide of the connector mem- 
ber. 

22. The method of claim 20 or 21, wherein the 
step of utilizing the arrangement for waveguid- 



ing further comprises reflecting the optical sig- 
nal either off the at least two of the reflective 
surfaces, or through the core of optically suit- 
able material. 

5 

23. A method for switching between optical signal 
paths wherein a first and a second signal path, 
each of which define a cross state for the 
switch, are provided for an optical communica- 
w tion signal, comprising: 

(a) providing a first arrangement for 
waveguiding having an optical input and an 
optical output for the optical communication 
signal, the first arrangement for waveguiding 

15 being configured so that when the optical 

input optically engages the first signal path, 
the optical output optically engages the sec- 
ond signal path; 

(b) optically engaging the optical input of 
20 the first arrangement for waveguiding with 

the optical communication signal; 

(c) utilizing the first arrangement for 
waveguiding to divert the optical commu- 
nication signal from the optical input to the 

25 optical output of the first arrangement for 

waveguiding; and 

(d) delivering the optical communication sig- 
nal to the second signal path. 

30 24. The method of claim 23, further comprising the 
step of optically disengaging the optical input 
of the first arrangement for waveguiding from 
the optical communication signal. 

35 25. The method of claim 23, where a third signal 
path is provided comprising: 

(e) providing a second arrangement for 
waveguiding having an optical input and an 
optical output for the optical communication 

40 signal, the second arrangement for 

waveguiding being configured so that when 
the optical input optically engages the op- 
tical output of the first arrangement for 
waveguiding, the optical output optically en- 

45 gages the third signal path; 

(f) optically engaging the optical input of the 
second arrangement for waveguiding with 
the optical output of the first arrangement 
for waveguiding so that the optical input of 

so the second arrangement for waveguiding re- 

ceives the optical communication signal; 

(g) utilizing the second arrangement for 
waveguiding to divert the optical commu- 
nication signal from the optical input to the 

55 optical output of the second arrangement 

for waveguiding; and 

(h) delivering the optical communication sig- 
nal to the third signal path, said method 
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optionally further comprising the step of op- 
tically disengaging the second arrangement 
for waveguiding from the optical commu- 
nication signal. 
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